Reduction of adverse events depends on accurate detection. The utility of a Trigger Tool to detect and classify severity of adverse events in an intensive care unit of a paediatric university hospital was compared to voluntary reporting. sixty patient records were randomly selected from 314 admissions over three months. Events detected by the Trigger Tool were classified by two independent investigators as insignificant, minor, moderate, major or catastrophic. Examination of each record required, on average, 40 minutes. Ninety-eight adverse events (1.66/patient) were detected in 59 available records. Mean admission was 2.77 days. The incidence of adverse events was 59.9 per 100 patient days or 0.60 events per patient per day. The number of events detected by the Trigger Tool was related to duration of admission (r=0.70, P <0.0001) and risk of mortality on admission (r=0.50, P=0.0001) but not to age. The inter-rater agreement on detection of adverse events was good. Investigator One detected 66 adverse events while Investigator Two detected 93 events (kappa 0.63). Of the 61 events detected by both investigators, the agreement of classification of severity was very good (kappa 0.89). Of the 56 events rated similarly by both investigators, 13 (23%) were insignificant, 19 (34%) were minor, 17 (30%) were moderate, 4 (7%) were major and 3 (6%) were catastrophic. Only four adverse events had been reported voluntarily, of which two were detected using the Trigger Tool. Whereas the Trigger Tool is a simple, efficient and robust method, voluntary reporting is inadequate and captures very few adverse events in the intensive care unit environment.
Adverse events in hospitals contribute to patient harm and healthcare costs yet remain underreported. Measuring the frequency and severity of adverse events in critical care units is an important step in planning quality improvement interventions 1, 2 and evaluating their effectiveness, and may assist in improving patient safety over time 3 .
Voluntary reporting of adverse events is commonly used in healthcare but underestimates their incidence [4] [5] [6] . Although more accurate methods include direct observation and detailed chart reviews 5,7-10 , these are too labour intensive to be practical for routine surveillance 11 .
An alternative method of measuring the frequency and magnitude of patient harm is the use of a Trigger Tool 12 . This process involves regular, systematic screening of randomly selected medical records for the occurrence of pre-defined trigger events (markers that focus closer investigation to determine whether specified adverse events have occurred). The use of Trigger Tools has been described in adult 13 , paediatric 14, 15 and neonatal 16 intensive care patients.
The aims of this study were to determine whether an existing paediatric intensive care unit Trigger Tool in comparison to voluntary reporting in a local context produced results consistent with previous reports and to determine whether this is a practical and useful process to supplement routine patient safety activities.
MATERIALs AND METHODs

Study design and sample
This is a retrospective, observational cohort study using a previously developed paediatric intensive care unit (PICU) Trigger Tool 17 to identify adverse events. It was conducted in the PICU at the Royal Children's Hospital, Melbourne, which is an 18-bed, mixed medical and surgical PICU, with approximately 1500 admissions per year. The unit is a centre for paediatric cardiac surgery, trauma and burns, as well as for heart, liver and bone marrow transplantation.
All patients who were discharged from the PICU during the three-month period from March to May 2011 were eligible for inclusion. Using an online random number generator (www.randomizer.org/ form.htm), a random sample of 20 patients per month (total 60) was selected from a list of all sequential discharges.
As a quality assurance project, approval was not required from the Royal Children's Hospital but permission was granted by the hospital executive provided that the results were reported to it before publication.
Definitions
Triggers are defined as "occurrences, prompts or flags found on review of the medical record that 'trigger' a further investigation to determine the presence of an adverse event" 21, 22 . Adverse events are defined as an injury, large or small, caused by the use (including non-use) of a drug, test or medical treatment 18, 19 . Harm is defined as unintended physical injury resulting from or contributed to by medical care that requires additional monitoring, treatment or hospitalisation or that results in death 12 .
The severities of adverse events were classified, in accordance with the Australian standard AS/NZS ISO 31000:2009 Risk Management-Principles and Guidelines, into five categories from insignificant to catastrophic as defined in Table 1 .
Data collection
Demographic data, PICU length-of-stay and the second version of the paediatric index of mortality, which specifies the probability of death 20 , were retrieved from the PICU database. Corresponding clinical records were reviewed on the hospital's electronic clinical information systems. Elements of the medical record reviewed included scanned im-ages of the PICU and hospital discharge summaries, multidisciplinary written progress notes, nursing flowsheets, patient observations and medication orders, as well as laboratory results and chest X-rays.
Both investigators familiarised themselves with the Trigger Tool process using instructional material available from the Institute for Healthcare Improvement 12 and the Child Health Corporation of America 17 .
The 60 patient records were reviewed independently by the investigators using a standardised review form based on the existing PICU Trigger Tool 15, 17 with minor modifications for local practices and formulary. This included 22 triggers and 39 adverse events. Identification of a trigger led to further examination for the presence of an associated adverse event which, if present, was classified by the severity of its consequences. The inter-rater reliability of the review process was evaluated by calculation of kappa for the number of adverse events detected and for the severity of events detected by both investigators.
Routine reporting of adverse events is conducted on a voluntary basis by an online system (RiskMan © , Southbank, Victoria, Australia). It is available at all hours every day and is the major method of identifying adverse events in the institution. A voluntary report identifies the patient, details of the event and its occurrence. A quality manager classifies events into four categories: severe or death, moderate, mild or of no harm. Adverse events that had been reported were retrieved from the database.
Outcomes
Primary outcomes included the adverse event rate per patient per day and per 100 patient days, and also included the percentage of patients with an adverse event and the type and severity of events. PICU=paediatric intensive care unit, IQR=interquartile range, LOs=length-of-stay, PIM2=second version of paediatric index of mortality. Table 3 Trigger Tool adverse events with frequency n % ETT malpositioning requiring repositioning 12 12 Nosocomial infection (e.g. line-associated infection, C. difficile, VAP, wound infection, catheter-associated UTI) or inadequately treated infection 9 9
Post-extubation stridor 7 7
Renal dysfunction/failure 7 7
Respiratory depression/compromise 7 7
Unplanned intubation/accidental extubation 5 5
Electrolyte abnormality (other than hyperkalaemia) 5 5
Constipation related to narcotics or dehydration 5 5
Fluid overload/pulmonary oedema 4 4 Line 
REsULTs
Study population
Of the 314 patients discharged from the PICU during the three-month study period, a cohort of 60 patient records (19%) were randomly selected for analysis. Fifty-nine records were available for review. The characteristics of the sample and the population from which it was drawn are shown in Table 2 . The sample was 61% male and the median age was 42.4 months (IQR 10.2 to 119.9), with a median PICU length-of-stay of 32.5 hours (IQR 21.0 to 92.3). The median paediatric index of mortality probability of death was 2.14% (IQR 0.9 to 3.6). The sample is similar to the reference population in terms of age, sex, length-of-stay and severity of illness. Twenty-five patients (42%) were admitted after elective surgery, 15 (26%) from wards, nine (15%) from the emergency department, seven (12%) from other hospitals and three (5%) from emergency surgery. The total bed days in PICU of the study cohort was 163.59, with a mean stay of 2.77 days.
Occurrence of triggers and severity of adverse events
Ninety-eight adverse events were detected among 33 of 59 (56%) patients during a total of 163.6 days of admission in PICU. The mean number of adverse events was 1.66 per patient and the frequency was 59.9 events per 100 days or 0.60 events per patient per day. While 26 (44%) patients sustained no adverse events, 14 (24%) sustained one event, seven (12%) sustained two events and 12 (20%) sustained three or more adverse events.
The correlations between the number of adverse events per patient and their length-of-stay, paediatric risk of mortality and age were 0.70 (P <0.0001), 0.50 (P=0.0001) and -0.05 (P=0.70) respectively. Sixteen adverse events occurred outside the PICU and were the immediate precipitant for PICU admission. Table 3 shows the adverse events and their frequency using the Trigger Tool. The five most common adverse events were endotracheal tube malpositioning (12%), nosocomial infection (9%), postextubation stridor (7%), renal dysfunction or failure (7%) and respiratory depression or compromise (7%). Six (6%) adverse events were not associated with pre-defined triggers. These were severe hyper-natraemia (3), hyponatraemia (1), cancellation of scheduled surgery (1) and hyperkalaemia (1) not detected by the trigger of insulin infusion.
The comparative numbers and severity of the adverse events detected by the Trigger Tool and rated by the two investigators are shown in Figure 1 . The comparative percentage severities (Investigator One, Investigator Two) are as follows: insignificant 21%, 15%; minor 32%, 36%; moderate 35%, 37%; major 7%, 9%; catastrophic 4%, 3%.
Inter-observer agreement
Using the Trigger Tool, Investigator One identified 85 triggers and 66 adverse events in 31 (53%) patients, Investigator Two identified 113 triggers and recorded 93 adverse events in 33 (56%) patients. The kappa value for agreement on the occurrence of adverse events was 0.63 and the kappa value for agreement on the severity of 61 adverse events detected by both investigators was 0.89. Of the 56 adverse events rated similarly by both observers, 13 (23%) were insignificant, 19 (34%) were minor, 17 (30%) were moderate, four (7%) were major and three (6%) were catastrophic.
Resource requirements
The time taken for data collection and analysis of each record varied from approximately 15 minutes to several hours. Both investigators required five working days to locate and examine the records, yielding an average of 40 minutes for a single record. Thus, a reviewer would require about half a day per week to review five patient records on an ongoing basis.
Voluntary reporting
Four adverse events were reported voluntarily from the 60 patient records under study. Of these, two events, both catastrophic in severity, were detected by the Trigger Tool while the remaining two mild events were not detected by the Trigger Tool.
DIsCUssION
Application of a PICU Trigger Tool to a random sample of patient records identified a large number of adverse events with modest expenditure of time. In contrast, approximately 25 times fewer adverse events were reported voluntarily.
Using the Trigger Tool, 98 adverse events were identified in 33 of 59 patients over an average admission of 2.77 days, yielding an adverse event rate of 1.66 events per patient at a frequency of 59.9 events per 100 days of admission or 0.60 events per patient per day. The number of adverse events sustained was related to the duration of admission and risk of mortality on admission, but not to age of the patient. Of events detected and rated similarly in severity by both investigators, 57% were insignificant or minor in severity, 30% were moderate and 13% were major or catastrophic. It would be feasible, useful and require modest resources to implement recurring regular use of the Trigger Tool as part of the routine quality improvement activities of the PICU.
Our observations are consistent with other studies using Trigger Tools. A previous single-centre PICU Trigger Tool study reported an adverse event rate of 52.7 per 100 patient days and 1.95 per patient 14 , and a multicentre PICU Trigger Tool study found an adverse event rate of 28.6 per 100 patient days and 2.03 events per patient 15 . Our result of 59.9 events per 100 days is in the range of these previous studies. However, we observed a lower rate of 1.66 events per patient admission, which may be explained by the shorter mean length-of-stay of 2.8 days in our facility compared to 7.1 days in the multicentre study 15 .
There were potentially significant differences between this study and previous PICU Trigger Tool studies 14, 15 . such differences include patient population and time devoted to examination of records. We included every patient in our random sampling irrespective of duration of admission. No minimum duration of PICU admission was required for inclusion in this study. If short (<1 day) admissions had been excluded, then the rates of adverse events would appear even higher as short admissions had relatively few complications. Cardiac surgery patients were also not excluded as they are managed in our mixed medical-surgical PICU by the same medical and nursing staff and using the same equipment and drug protocols. Consistent with guidelines 12 , we have included events that occurred outside the PICU that precipitated PICU admission and were managed by the PICU team such as respiratory distress on the general wards.
Contrary to suggestions in the Institute for Healthcare Improvement guidelines 12 , we did not observe a strict time limit for reviewing each chart, which, on average, required approximately 40 minutes. Short admissions (<2 days) could readily be reviewed within the suggested 20-minute timeframe. However, long and complex admissions tend to have more adverse events and limiting the time to review these charts would have underestimated the frequency of adverse events in the sickest patients. We agree with previous observations that using the Trigger Tool does still require some resource commitment 13, 14 .
The five most common adverse events in the previous multicentre PICU Trigger Tool study 15 were catheter complications (including peripheral intra- venous infiltration as well as central catheter complications such as catheter malfunction, clot or breakage requiring change or removal), uncontrolled pain, endotracheal tube malposition requiring repositioning, nosocomial infection and hypotension associated with therapy. Notably in our study, endotracheal tube malposition and nosocomial infection were also among the five most common adverse events in our sample, although uncontrolled pain and hypotension associated with therapy were not significant problems. Possible explanations for this may include different models of nursing care or incomplete documentation. Our PICU now uses accidental extubation and nosocomial infection as key performance indices and targets these adverse events in teaching programs for quality improvement. Unlike earlier studies 15, 16 , but consistent with a more recent publication 13 and guideline 12 , we did not assess preventability, which is perceived to be highly subjective. There has previously been poor agreement between reviewers on preventability 21 , and potentially all adverse events could be prevented with sufficiently innovative and well-resourced systems.
The Global Trigger Tool has been validated in a general adult hospital population 13 . The sensitivity to detect at least one adverse event was 94.9% compared to detailed medical record review. In the same study the Trigger Tool detected 90.1% of all the adverse events detected from a combination of the Trigger Tool, voluntary reporting and the use of the Agency for Healthcare Research and Quality's Patient safety Indicators.
There may be disagreement among investigators about the classification of severity of some events. At the less severe end of the spectrum there is argument whether endotracheal tube malpositioning is an adverse event that causes patient harm even if it is repositioned without complications 22 . similarly, death is listed as both a trigger and an adverse event, yet it may be difficult to determine to what extent patients die due to their medical condition, adverse events or withdrawal of treatment. Although the two investigators in this study detected unequal numbers of adverse events (kappa 0.63), they rated events detected by both as similar in severity (kappa 0.89). Difference in detection may be related to previous experience by one investigator 5 . In other studies, the kappa value for agreement between reviewers for identifying adverse events was less, in the range 0.57 to 0.64 [23] [24] [25] .
Although this study identified a large number of adverse events, it is consistent with previous studies worldwide and conducted previously in our institution.
The number of decisions and interventions in the intensive care environment may expose patients to a high risk of errors and harm, although, conversely, increased monitoring and the high ratio of nursing and medical staff may prevent some errors, enhance their detection or mitigate their effects. Patient factors contributing to adverse events include multisystem illness and reduced physiological reserve. system factors include multiple caregivers, frequent invasive procedures and large numbers of drugs and infusions 27 . The diversity in age, size and pathology in PICU patients makes standardisation difficult and further increases the risk 28 .
This study detected more adverse events compared with other methods at our institution. A previous study 29 used detailed medical record review of a subgroup of general paediatric admissions of children who had died or had an unexpected admission to the PICU. Adverse events were identified in 16.8% of the admissions reviewed, which amounted to 0.26% of the total admissions. Adverse events were detected in 16.6% of admissions when the patient was transferred to the PICU and subsequently died and 7.8% of admissions when the patient died without being transferred to the PICU. Another previous study in our PICU 5 compared voluntary reporting of adverse events with a combination of daily systematic enquiries at the bedside and medical record review 8 . From a sample of 740 patients, systematic enquiry and chart review identified 405 adverse events whereas voluntary reporting identified 166 events, with an overlap of only 49 events detected by both methods. Combining both methods, the overall rate of adverse events was 0.71 events per patient, which is considerably less than 1.66 events per patient in this study using the Trigger Tool.
Voluntary reporting in this study captured only four events compared with 98 events detected by the Trigger Tool. similarly, in the previous multicentre study 15 only 4% of adverse events had an associated voluntary incident report. Voluntary reporting of adverse events is thus a clearly ineffective method to gauge the extent and nature of adverse events in our institution. These observations are consistent with studies of adult general medical patients 30, 31 which found that, respectively, only 5% and 2% of incidents identified in medical record review had been voluntarily reported. Reasons for failure of voluntary reporting include lack of clear definitions of errors, time pressure, fear of punishment and lack of perceived benefit due to the absence of feedback 4 . However, other studies have had more success with voluntary reporting, with 0.4 critical incidents per intensive care unit admission in one study 32 and 8.3 critical incidents per 100 PICU patient days and 0.28 critical incidents per patient in another 33 . We opine that voluntary reporting alone in hospitals is of very limited usefulness and should not be relied upon to drive quality and safety programs.
This study has several limitations. The methodology relies on information documented in the medical record which may not be complete. A study of adult medical patient records revealed that only 55% of adverse events had been recorded 34 . The possible impact of reviewer learning and fatigue effects 35 has also not been taken into account.
The Trigger Tool does not detect near-misses, errors of diagnosis, errors of omission and many types of medication errors. Furthermore, it does not provide any feedback about the many system factors that contribute to adverse events, including communication, culture, training and equipment 7, 8, 36 . By contrast, voluntary reporting systems allow a narrative description of the event and factors contributing to it.
The sampling period during this study was too brief to establish the true baseline rate of adverse events, with the Institute for Healthcare Improvement recommending at least 12 months of data required 12 before drawing conclusions about the event rates and changes in response to patient safety initiatives. Additionally, the results are not directly comparable to other institutions due to differing definitions of adverse events and severity, as well as the subjectivity of the chart reviewers.
The list of triggers and adverse events could be refined if necessary, having regard to the local experience 27, 37 and the list of Australian Patient safety Indicators 38 . Real time, automated collection of trigger data may become possible in the future with increasing computerisation of the PICU workflow. Estimating the local costs attributable to adverse events in terms of bed days may provide the motivation and justify the resources necessary for patient safety activities.
CONCLUsION
The Trigger Tool was effective in detecting adverse events in the paediatric intensive care environment, and over a short period the rates of adverse events were similar to those previously reported. Almost half the adverse events were of moderate or greater severity, resulting in at least an increased length-of-stay or an additional procedure. Trigger Tool methodology rapidly identifies many more events than voluntary reporting and as such may be suitable for routine use. In contrast, voluntary reporting is an inadequate method to gauge the extent and severity of adverse events.
With appropriate investment of resources, the PICU Trigger Tool would be a useful addition to patient safety activities, helping to establish priorities and direct resources for quality and safety improvement programs and to evaluate their effectiveness over time.
